Visual rivalry has been extensively characterized in the literature. It is thought to require spatial conflict between overlapping visual presentations, even in studies that have found nonspatial (i.e., nonretinal) influences on rivalry. Unexpectedly, we identified visual rivalry in the complete absence of spatial conflict. Participants experienced visual rivalry when we placed a nonambiguous motion stimulus in a nonspatial (in our case, object-based) reference frame. Moreover, a stimulus that was displaced within a nonspatial reference frame did not induce rivalry despite the presence of spatial conflict. This finding shows that nonspatial, object-based processing can overrule retinotopic processing and prevent rivalry from occurring when a perceived stimulus exists unambiguously in an object-based reference frame. Our results identify a potent high-level conflict-resolution stage independent of low-level spatial visual conflict. This independence of spatial overlap provides an advantage to the visual system, allowing conflict resolution when an object is nonstationary on the retina (e.g., during frequently occurring eye movements).
Visual ambiguities are ubiquitous. Generally, the visual system deals with ambiguity by finding a single "best" solution quite effortlessly. When multiple solutions have an approximately equal likelihood, however, perception may alternate among them (i.e., visual rivalry). Studying visual rivalry gives researchers a means of investigating how the brain forms visual percepts, because such studies uncouple visual stimulation (which remains the same across the experiment) from visual awareness (which fluctuates).
Rivalry can refer both to the visual experience and to the process that underlies this experience. In this article, we will use the term rivalry exclusively for the visual percept (the effect), conflict as a shorthand for the conflicting stimuli (the cause of visual rivalry), and conflict resolution for the mechanism that transforms the visual conflict into visual rivalry (or into an unambiguous percept). We will use the terms spatial conflict, retinal conflict, and retinotopic conflict interchangeably.
To create visual rivalry, researchers construct competing stimuli such that two (or more) possible percepts occupy the same spatial (i.e., retinal) location (e.g., the Necker cube, binocular rivalry). Visual rivalry has been characterized extensively and found to depend on many variables (Alais & Blake, 2005; Blake & Logothetis, 2002) . One seemingly consistent finding is that visual rivalry requires spatial conflict between overlapping visual presentations (e.g., Blake & Logothetis, 2002) . The dependence of visual rivalry on spatial conflict ties in with the general finding that many forms of rivalry correlate with processing in retinotopic early visual cortex (Haynes, Deichmann, & Rees, 2005; Polonsky, Blake, Braun, & Heeger, 2000; Tong & Engel, 2001; Wunderlich, Schneider, & Kastner, 2005) . Furthermore, what subjects experience in conditions of binocular rivalry relates to the properties of early visual cortex (Blake, 1989 ). An example is that the size of perceptual dominance zones during binocular rivalry is similar to the size of V1 receptive fields. Some researchers propose that visual rivalry could be dependent on high-level, nonretinotopic brain areas in the fronto-parietal region (Leopold & Logothetis, 1999; Sterzer & Kleinschmidt, 2007) . In this view, visual rivalry may occur because the brain routinely reinterprets visual information, and this causes perceptual alternations. However, stimuli that have been used to bolster this hypothesis, such as the ambiguous motion quartet (Fig. 1a) , involve spatial conflict and have neural correlates in retinotopic early visual cortex, a fact that suggests the critical involvement of early visual processing (Muckli, Kohler, Kriegeskorte, & Singer, 2005) . The apparent dependence of visual rivalry on spatial conflict is in fact one of the most problematic issues for
Visual Rivalry Without Spatial Conflict

411
researchers espousing the idea that visual rivalry has a highlevel origin.
Several accounts suggest that potentially nonretinotopic processing stages may influence-but not independently produce-visual rivalry (Blake & Logothetis, 2002; Tong, Meng, & Blake, 2006) . Such influences include (a) contextual and surrounding information (Andrews & Lotto, 2004; Bonneh, Cooperman, & Sagi, 2001; Kovács, Papathomas, Yang, & Fehér, 1996; Maier, Logothetis, & Leopold, 2005; van Boxtel, Alais, & van Ee, 2008; Wilke, Logothetis, & Leopold, 2003) ; (b) attention (Meng & Tong, 2004; Mitchell, Stoner, & Reynolds, 2004; van Ee, van Dam, & Brouwer, 2005) ; (c) muscular, postural, and vestibular information (e.g., Maruya, Yang, & Blake, 2007; van Boxtel, Wexler, & Droulez, 2003) ; and (d) perceptual grouping and surface completion (Bonneh et al., 2001; Graf, Adams, & Lages, 2002; Maier et al., 2005; Silver & Logothetis, 2004; Watson, Pearson, & Clifford, 2004) . It is generally assumed that these nonretinal influences take the form of modulatory feedback to conflict-resolution processes at early retinotopic stages (Blake & Logothetis, 2002; Tong et al., 2006; van Boxtel et al., 2008) .
In the study reported here, we investigated whether the visual system employs a nonretinotopic conflict-resolution stage that can produce visual rivalry independently of spatial conflict. Unexpectedly, we found that an object-based reference frame can enable visual rivalry to occur in the absence of spatial conflict. However, visual rivalry was prevented when conflict was absent in an object-based reference frame, despite the presence of spatial conflict. All experiments were undertaken with the understanding and written consent of each subject. Experiments were approved by the institutional review board of the California Institute of Technology and conformed to the Declaration of Helsinki.
Experiment 1: Rivalry Without Spatial Overlap
In Experiment 1, we investigated whether rivalry can occur without spatial conflict. We employed an ambiguous motion quartet to produce visual rivalry (Carter, Konkle, Wang, Hayward, & Moore, 2008; Hock, Schoner, & Hochstein, 1996; Muckli et al., 2005; Ramachandran & Anstis, 1983; Sterzer & Kleinschmidt, 2007) . Conventionally, ambiguity in a motion quartet is created by two pairs of dots that appear to exchange positions on consecutive presentations (Fig. 1a) ; this induces an illusion of motion that can be perceived as either horizontal or vertical. This stimulus reliably produces the key hallmarks of visual rivalry: exclusivity, inevitability, and randomness (Leopold & Logothetis, 1999) .
Method
Participants. Seven subjects (4 male, 3 female; age = 18-30 years) including the first author participated in Experiment 1. All except the first author were naive to the purpose of the experiment, and all had normal or corrected-to-normal vision.
Design and procedure. The ambiguous motion quartet was formed by four black dots (dot diameter = 0.55°, 0.12 cd/m 2 ). The dots formed the edges of a square with sides 2.1° long. Dot pairs were presented for 173 ms, followed by a 173-ms interstimulus interval.
To investigate whether nonretinal rivalry can occur, we presented the motion quartet in two different spatiotemporal layouts. In the first layout, the motion quartet was repeatedly presented at a single location (as is traditionally done, Fig. 1a ). We devised a second layout that was very similar to the conventional one, but which did not contain spatial conflict and thus did not produce rivalry. This was achieved by sequentially presenting the motion quartet at spatially separated locations on alternate presentations (Fig. 1b) . This second (i.e., displacement) condition led to an unambiguous (nonrivalrous) A traditional ambiguous motion quartet (a) creates spatial conflict using two pairs of dots (marked here as 1 and 2 for purposes of illustration). The two pairs appear in alternation in a repeated sequence with intervening brief blank intervals. This display may lead to two mutually exclusive percepts: horizontal motion (black arrows) and vertical motion (gray dashed arrows). When the quartet moves back and forth between successive presentations (b), such that the positions of the alternating pairs are separated by several degrees, there is no more spatial conflict, and observers unambiguously perceive a swinging pendulum motion. Both types of motion quartet were combined with a Ternus display (the large white disks; c) to create the four conditions used in the experiments; these conditions were defined by the presence (+) or absence (-) of a retinal (R) or object-based (O) reference frame (see the text for details of the four conditions). The white dot at the top of each image marks the position of the fixation point (which was in the center of the screen during the experiments).
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van Boxtel, Koch perception of dots moving horizontally relative to each other, similar to the motion of a swinging pendulum. We then asked whether providing a nonretinal reference frame within which the motion quartet is stationary could reinstate rivalry despite the absence of spatial conflict. The nonretinal reference frame was created using a moving Ternus display consisting of three white disks (disk diameter = 4°, 98 cd/m 2 ) spaced 4.2° apart. The two central disks were placed symmetrically around the visual midline. The Ternus display appeared and disappeared in a cycle that was synchronous with the appearance and disappearance of the motion quartet. When the Ternus display was displaced, the step size was 4.2°, such that there was always a disk on either side of the vertical midline. The center of each central disk was positioned 4.2° to the left or right of the visual midline, below a white fixation dot in the center of the screen (Fig. 1c) . Background luminance was 49 cd/m 2 . Ternus displays are known to provide an effective object-based reference frame for motion stimuli (Boi, Öğmen, Krummenacher, Otto, & Herzog, 2009; Fig. 1c ). The Ternus display allows for either group-or element-motion perception (see examples in Fig. 4a ), depending on its design. In Experiment 1, the Ternus display was designed to exclusively allow perception of group motion (He & Ooi, 1999; Pantle & Picciano, 1976) .
The motion quartet was horizontally aligned to the center of the Ternus display. The displacement of the Ternus display and the motion quartet were determined independently to investigate whether visual rivalry created by motion quartets is dependent on retinal or object-based processing. This procedure resulted in four conditions (Fig. 1c ), which were defined by the presence (+) or absence (-) of a retinal (R) or object-based (O) reference frame. In the O+R+ condition, both object-based and retinal reference frames were present (i.e., the Ternus display and motion quartet were stationary). The effect of this display was essentially equivalent to the effect of a conventional ambiguous motion quartet. In the O−R− condition, there was no conflict in either the retinal or object-based reference frames (i.e., the motion quartet was displaced, but the Ternus display was stationary relative to fixation). In the O+R− condition, the stimulus contained no retinal conflict, but there was conflicting motion information in the object-based reference frame (i.e., both the Ternus display and motion quartet were displaced). In the O−R+ condition, the stimulus contained conflict in the retinal reference frame (as in conventional ambiguous motion quartets), but because the motion quartet was moving in the object-based reference frame, the conflict in this reference frame was essentially removed. In this stimulus, the Ternus display was displaced, but the motion quartet was stationary.
Without an object-based reference frame, a horizontally displaced motion quartet is perceived as having only a horizontal, pendulum-like motion. Adding the horizontally moving Ternus display adds more horizontal motion energy and should therefore only strengthen the horizontal perceptual bias. On the basis of motion information alone, we would therefore not expect to find visual rivalry in the O+R− condition. If rivalry does occur in this condition, this would show that the nonspatial reference frame provided by the Ternus display reinstates visual rivalry.
Trials lasted 3 min, and each condition was run at least twice per subject. Trials were randomly interleaved. Subjects pressed one of two buttons to indicate whether they saw horizontal motion or vertical motion, respectively; subjects held the button for as long as a percept lasted. Subjects were instructed not to press any button when the percept was unclear to them.
Visual rivalry ideally results in clear percepts that are balanced equally between the two competing stimuli. Therefore, we defined perceptual clarity as the total time either of the two buttons was pressed divided by total trial length, and we defined perceptual bias as the duration of the vertical percept divided by the sum of the duration of the vertical percept and the duration of the horizontal percept. In the case of clarity, 1 indicates ideal visual rivalry. In the case of bias, .5 would be the ideal of visual rivalry. When the motion quartet was moved horizontally between successive presentations, the default unambiguous percept was that of horizontal motion (perceptual bias = 0 in our definition). Therefore, when the objectbased reference frame was presented, any bias away from zero was a strong indication of object-based processing that causes visual rivalry. Figure 2a shows the results of Experiment 1 in terms of perceptual bias and perceptual clarity. We performed a two-way repeated measures analysis of variance (ANOVA) on perceptual clarity, with motion-quartet displacement (no displacement, displacement) and Ternus-display displacement (no displacement, displacement) as independent factors. This ANOVA showed no significant main effects-both Fs(1, 6) < 1, p > .6-but a trend toward a significant interaction, F(1, 6) = 3.958, p = .09, η p 2 = .4. The overall perceptual clarity was high in all conditions, which indicates that subjects could clearly distinguish between the different percepts.
Results and discussion
We next analyzed the effects of motion-quartet and Ternusdisplay displacement on perceptual bias (Fig. 2b) . A 2 (motionquartet displacement) × 2 (Ternus-display displacement) repeated measures ANOVA showed a significant effect of motion-quartet displacement, F(1, 6) = 15.906, p < .01, η p 2 = .73, a nonsignificant effect of Ternus-display motion, F(1, 6) = 2.443, n.s., η p 2 = .29, and most important, a strong and significant interaction, F(1, 6) = 79.120, p < .0002, η p 2 = .93. As Figure 2b shows, conditions with object-based reference frames (O+R+ and O+R−) yielded perceptual biases farther from 0 than conditions lacking object-centered references frames (O−R+ and O-R−).
A more detailed analysis revealed that when both the Ternus display and the motion quartet were stationary (O+R+ condition), the average perceptual clarity was high (M = .97, SD = .01, indicating few mixed percepts), and perceptual bias was not strong (M = .74, SD = .04), being significantly smaller than 1 and larger than 0, both ts(6) > 6.5, p < .001, Cohen's d > 2.49. Together, these results show that visual rivalry is perceived in conventional motion-quartet displays containing spatial conflict, which is in line with previous findings (cf. Carter et al., 2008; Sterzer & Kleinschmidt, 2007) .
The condition with neither retinal nor object-based conflict (O−R−) led to a lower perceptual clarity (M = .85, SD = .07) but a very strong bias toward horizontal motion (M = .12, SD = .07) The mean perceptual bias was significantly lower than .5 (the level of ideal binocular rivalry), t(6) = 5.66 (twotailed), p < .005, Cohen's d = 2.14, and not significantly different from 0, t(6) = 1.76, p > .1; subjects described seeing a pendulum-like motion. As expected, this condition showed no visual rivalry.
The critical condition (O+R−) provided object-based conflict without retinal conflict by displacing both the motion quartet and the Ternus display. In this condition, perceptual clarity was surprisingly large (M = .95, SD = .01). Perceptual bias was not significantly different from .5 (M = .46, SD = .05), t(6) = 1.11, p > .3, but was significantly larger than 0 and smaller than 1, both ts(6) > 9.00, p < .0005, Cohen's d > 3.40, thus indicating visual rivalry.
The final condition (O−R+) contained retinal conflict without object-based conflict. This condition yielded a strong bias toward horizontal motion (M = .21, SD = .07, which is significantly below .5), two-tailed t(6) = 4.05, p < .01, Cohen's d = 1.53. The perceptual bias in this condition was not significantly different from perceptual bias in the O-R-condition, two-tailed paired t(6) = 1.05, p > .3, although it was significantly lower than in the O+R+ and O+R-conditions, both ts(6) > 4.25, p < .01, Cohen's d > 1.47. Note that in the O−R+ condition, little to no rivalry was observed even though retinal conflict was actually present. This last finding suggests that despite the presence of spatial conflict (which would normally cause rivalry, as in the O+R+ condition), the absence of conflict in the object-based reference frame prevented visual rivalry; this finding indicates that object-based processing overrules retinal processing.
Our results show that visual rivalry can occur without spatial conflict (as in the O+R− condition). Without conflict in the object-based reference frame, there is no rivalry, even in cases when there is conflict in a retinal reference frame (as in the O−R+ condition). Thus, object-based processing seems to determine whether visual rivalry occurs.
Perceptual clarity and perceptual bias were comparable in the condition without spatial conflict (O+R−) and in the condition whose effect was similar to the effect of conventional motion-quartet rivalry (O+R+). The similar results in these conditions were further emphasized by the average perceptual 
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van Boxtel, Koch durations, which were comparable to each other (M = 43.8 s, SD = 13.4 s and M = 49.8 s, SD = 10.0 s, respectively), twotailed paired t(6) = 0.57, p > .5, n.s., and to previous reports of conventional motion-quartet rivalry (Carter et al., 2008) . These similarities indicate that object-based rivalry is a genuine form of visual rivalry, and may depend on similar conflict-resolution processes as conventional motion-quartet rivalry does.
Experiment 2: Conventional MotionQuartet Rivalry and Object-Based Rivalry Are Biased in Similar Ways by Changes in Stimulus Layout
In Experiment 2, we investigated whether the behavior of object-based rivalry depends on the spatial layout of the motion quartet in the same way as conventional motionquartet rivalry does. In conventional motion-quartet displays, the ratio of the vertical to the horizontal distances between the dots determines the level of perceptual bias; for example, with smaller vertical distances, there is a stronger bias toward vertical motion (Hock et al., 1996) . We measured how manipulating these interdot distances affected object-based and conventional rivalry, which should answer whether the two types of rivalry are governed by similar conflict-resolution mechanisms.
Method
Participants. The same 7 participants from Experiment 1 participated in Experiment 2.
Design and procedure. All procedures and parameters in Experiment 2 were identical to those in Experiment 1, with the exception of the distance between the dots in the motion quartets. There were six conditions, which varied across two parameters. First, the horizontal and vertical distance between the dots in the two pairs varied (vertical distance was greater than horizontal distance, vertical and horizontal distance were equal, and vertical distance was less than horizontal distance). Second, the Ternus display and the motion quartet moved together (object-based conflict; O+R-) or remained stationary (O+R+). The distance between the horizontal and vertical dots was 1.26° and 1.68°, respectively, in the first quartet; 1.68° and 1.68°, respectively, in the second quartet; and 1.68° and 1.26°, respectively, in the third quartet (for some subjects, these distances were 1.68° and 2.18°, 2.18° and 2.18°, and 2.18° and 1.68°, respectively, in the three quartets). (Data were collapsed across this variation in dot distance.)
Results and discussion
Object-based rivalry was affected by interdot distance relationships in a manner very similar to conventional motionquartet rivalry (Fig. 3) . When the ratio of horizontal over vertical interdot distance was changed from 0.75 to 1.33, mean perceptual biases increased from .51 (SD = .13) to .73 (SD = .1) for retinotopic rivalry and from .17 (SD = .06) to .39 (SD = .11) for object-based rivalry (in both cases, a .22 increase). Indeed, a two-way ANOVA revealed significant main effects of both the Ternus-display motion, F(1, 6) = 8.70, p = .026, η p 2 = .59, and the dot configuration, F(2, 12) = 4.863, p = .028, η p 2 = .45, although there was no significant interaction between these two factors, F < 1, p > .8.
These data show that object-based rivalry can be biased according to well-known perceptual rules previously described for conventional motion-quartet rivalry (Hock et al., 1996) , and thus they imply that the two types of rivalry are governed by similar conflict-resolution mechanisms.
Experiment 3: Rivalry Depends on How Stationary the Stimulus Is Perceived to Be in an Object-Based Reference Frame
Was the object-based rivalry observed in the previous experiments due to the mere presence of a moving Ternus display, or did the Ternus display truly provide an object-based reference frame? The Ternus display can be seen as either three disks moving in tandem (i.e., group motion) or as two stationary central disks (relative to the fixation point) plus one disk that jumps from left to right (i.e., element motion; see Fig. 4a ). Both conditions contain strong horizontal motion, but only the group-motion display allows for a stable representation of the ambiguous motion quartet in an object-based reference frame. Element motion, on the contrary, does not allow for such a stable representation because the motion quartet is perceived in different disks between displacements. If visual rivalry occurs both in element and group motion, then the main influence of the Ternus display lies in providing extra horizontal-motion information. If rivalry occurs only with group motion, then conflict in an object-based reference frame is a requirement for motion-quartet rivalry.
Method
Participants. Six participants from Experiment 1 plus 6 new naive subjects participated in Experiment 3 (overall: 6 female, 10 male; average age = 23 years).
Design and procedure. There were two conditions in this experiment, which differed in whether participants saw displays inducing perceptions of group motion or element motion. In the group-motion condition, the three disks in the Ternus display were perceived to move in tandem. In the elementmotion condition, the disk on the end was perceived to jump to the other side of the two intervening disks. Parameters in Experiment 3 were identical to O+R− in Experiment 1, except that in the element-motion condition, the Ternus display never disappeared. The motion quartet still repeatedly disappeared for 173 ms, and therefore the motion-quartet stimulus was identical in the two conditions and identical to the motionquartet stimuli of Experiment 1.
Results and discussion
Results of Experiment 3 are shown in Figure 4b . In accordance with an object-based rivalry account, the results in the group-motion condition showed a bias that was not significantly different from .5 (M = .38, SD = .07), t(11) = 1.6, p > .13, but was significantly different from 0, t(11) = 5.15, p < .0005, Cohen's d = 1.49. The results in the element-motion condition, in contrast, showed a very strong bias toward horizontal motion (M = .11, SD = .05), which was significantly different from .5, t(11) = 8.20, p < .0001, Cohen's d = 2.36), and therefore showed no rivalry (cf. Fig. 1b and results for the O−R− condition in Fig. 2b) . The difference between both conditions was significant, two-tailed paired t(11) = 3.48, p < .006, Cohen's d = 0.90. This indicates that the perceptual interpretation of the Ternus display determines whether the motion quartet is perceived as stationary within an objectcentered reference frame and thereby whether rivalry without spatial conflict will occur.
Experiment 4: Rivalry Depends on ObjectBased, Not Object-Centered, Processing
Finally, we investigated whether visual rivalry is object centered or object based. If it is object centered, the coordinate frame that determines whether rivalry is experienced would be defined relative to another object-the Ternus display-that might be anywhere in the visual scene. If it is object based, rivalry would occur only if the rivaling interpretations are perceived to be part of an object (e.g., if they are perceptually linked to the same object). We tested these possibilities by placing the Ternus display below the motion quartet (see Fig.  4c ). If rivalry occurred when the motion quartet was perceived to be moving along with the Ternus display, this would indicate that object-centered rivalry had occurred. 
Method
Participants. Six subjects (4 female, 2 male) from Experiment 1 participated in Experiment 4.
Design and procedure. The design and procedure were the same as in Experiment 3, but the Ternus display was presented slightly below the ambiguous motion quartet in the periphery, 8.2° from the visual midline (i.e., 4° more peripheral than the motion quartet).
Results and discussion
Results of Experiment 4 are shown in Figure 4d . When the motion quartet was placed outside of the Ternus display, there was little to no rivalry-group-motion bias: M = .20, SD = .10; element-motion bias: M = .17, SD = .08-and no significant difference between the two conditions: paired t test, p > .4; both data points lie below .5, t(5) = 4.04, p < .05, Cohen's d = 0.5, and t(5) = 2.91, p < .02, Cohen's d = 1.53. The results of neither condition were significantly different from 0, both one-sample ts(5) < 2.1, p > .1. These findings indicate that the rivalry does not occur in object-centered coordinates, and they provide evidence that our experimental data are dependent on object-based coordinates.
General Discussion
In the research reported here, we showed that object-based, nonretinotopic processing causes rivalry when there is no spatial conflict and, conversely, that it may severely hamper rivalry even when conflict is defined in spatial coordinates. Thus, rivalry can occur without spatial conflict. In fact, we identified an object-based processing that is the primary determinant of motion-quartet rivalry. This object-based processing is able to overrule retinotopic processing. Object-based rivalry was similar to conventional motion-quartet rivalry in terms of perceptual clarity, perceptual bias, percept duration, and dependence on stimulus characteristics (Experiments 1 and 2). It occurred even though the object-based reference frame (the Ternus display) added motion energy that should have hampered rivalry (see especially Experiment 3). Previous overviews of the rivalry literature concluded that spatial conflict was necessary for visual rivalry (Blake & Logothetis, 2002) . Indeed, research on visual rivalry always employed spatially overlapping stimuli (Andrews & Lotto, 2004; Meng & Tong, 2004; Mitchell et al., 2004; van Boxtel et al., 2008; van Ee et al., 2005) . This dependence on spatial conflict was strongly suggested by results of studies that employed rivalry between perceptually completed surfaces (e.g., dot arrays of different colors). When the surfaces were perceptually completed, rivalry ensued, but when the perceptual completion was disturbed-and thereby the spatial overlap between the surfaces ended-rivalry was eliminated (Bonneh et al., 2001; Graf et al., 2002; Kaufman, 1963; Maier et al., 2005; Silver & Logothetis, 2004; Watson et al., 2004) .
Because of the importance of spatial conflict, it has been assumed that nonretinal influences merely modulate the conflictresolution process indirectly through feedback to early retinotopic visual areas (Blake & Logothetis, 2002; Tong et al., 2006; van Boxtel et al., 2008) . Our results instead suggest that rivalry can take place in a nonretinotopic visual stage, independently of retinal conflict. Further, our results show that object-based processing can overrule spatial processing and prevent visual rivalry from occurring when there is no conflict in an object-based reference frame, even in the presence of spatial conflict.
It has been suggested that the visual rivalry in the motion quartet is the result of attention-modulated inference decisions made by fronto-parietal (high-level) brain areas when resolving visual conflict (Leopold & Logothetis, 1999; Sterzer & Kleinschmidt, 2007) . In higher visual areas, objects are the units of attentional selection (Olson, 2001) . Once an object is selected, the processing of the visual scene is largely confined to that specific object. Parts of the scene outside of the selected object are largely ignored. Supporting this idea, we found that the motion quartet had to be perceptually linked to the Ternus display (i.e., the object) in order to cause rivalry. Merely moving the motion quartet along with (and outside of) the Ternus display was not sufficient. This indicates that the rivalry was truly object based (Experiment 4). Consistent with the objectbased nature of the motion-quartet rivalry in our experiment, the findings of a previous study (Mitchell et al., 2004) showed a limited influence of object-based attention in the context of-spatially defined-binocular rivalry over the first approximately 1 s to 2 s of stimulus presentation. However, the object-based rivalry we identified in the current study is not dependent on spatial conflict, showing a pure form of objectbased processing that has a potent and long-lasting influence on our visual perception. Moreover, our findings address a problematic issue for hypotheses claiming a high-level origin of rivalry, which was that rivalry seemed to depend on spatial conflict and early visual retinotopic processing. We have now shown that object-based processing, independent of spatial conflict, determines the presence of visual rivalry, which strongly supports high-level accounts of motion-quartet rivalry. These findings mean that our stimulus provides a unique tool to study the high-level, nonretinotopic processes that contribute to visual awareness. Which brain areas are involved in nonspatial rivalry cannot currently be determined. However, consistent with the idea that fronto-parietal areas are involved in object-based rivalry, previous findings have shown evidence for objectbased processing (Olson, 2001) , as well as sensitivity for apparent motion (Sterzer & Kleinschmidt, 2007; Williams, Elfar, Eskandar, Toth, & Assad, 2003) in these areas. However, other brain areas may also be involved. For example, parts of the ventral visual pathway, the lateral occipital complex and nearby areas, are good candidates because they have been implicated in object-based attention (e.g., O'Craven, Downing, & Kanwisher, 1999) and motion rivalry (Moutoussis, Keliris, Kourtzi, & Logothetis, 2005) . Furthermore, the ventral visual pathway processes apparent motion (Zhuo et al., 2003) .
Because of the lack of spatial conflict during the nonspatial motion-quartet rivalry that we described here, it is unlikely that early visual areas are causally involved (Blake & Logothetis, 2002; Leopold & Logothetis, 1999) . This observation may not necessarily extend to all types of visual rivalry. Binocular rivalry, for example, has neural correlates in both lower as well as higher visual cortical areas (Haynes et al., 2005; Logothetis & Schall, 1989; Muckli et al., 2005; Tong & Engel, 2001; Wunderlich et al., 2005) , is dependent on retinal adaptation (Blake, Sobel, & Gilroy, 2003) , and is sensitive to image shifts over the retina (van Dam & van Ee, 2006) , which is not the case for the stimuli we used here. Therefore, binocular rivalry and the nonspatial rivalry we found in the current study may potentially occur at different levels within the visual system.
Conclusion
Because of the inherently ambiguous nature of visual information, the visual system must allot much of its processing to conflict resolution. Investigations into these processes have used visual conflict between spatially overlapping stimuli, which has led to the idea that spatial conflict is essential to produce rivalry. We identified a high-level conflict-resolution stage that operates independently of low-level spatial conflict. Studying this mechanism will allow researchers to investigate highlevel contributions to visual awareness without low-level, retinotopic confounds. Because humans make frequent eye movements, having a nonretinotopic, object-based conflictresolution mechanism has advantages over a purely spatial one. It allows the brain to resolve conflict that arises in objects that are nonstationary on the retina through the trans-saccadic processing of visual conflict.
